The effects of calcitonin (CT) and other hormones on the bile calcium excretion after a single intraperitoneal administration of calcium (4.0mg/100g BW) was investigated in thyroparathyroidectomized rats. Porcine, salmon, and synthetic eel CT (80MRCmU/100g BW, respectively) markedly increased the bile calcium excretion in comparison with that of calcium-administered rats. Tetragastrin (7.5ug/100g BW), and insulin (50mU/100g BW) did not alter significantly the bile calcium excretion, while epinephrine (100ug/100g BW), glucagon (50ug/100g BW), and parathyroid hormone (25U/100g BW) increased significantly.
It is well known that calcitonin (CT) has a hypocalcemic effect which is reportedly attributed to the inhibition of bone resorption (Johnston et al., 1966) , the reduction of intestinal calcium absorption (Olson et al., 1972) , and the increase in urinary calcium excretion (Haas et al., 1971 ) by a hormone. Recently it was reported that the excretion of calcium into the bile is increased by the ,plevation of serum calcium, and that the increase in bile calcium excretion is prevented by thyroparathyroidectomy (Yamaguchi and Yamamoto, 1978a) . More recently it was found that CT increased markedly the bile calcium excretion in thyroparathyroidectomized rats (Yamaguchi and Yamamoto, 1978b) . The present study was therefore undertaken to evaluate whether the bile calcium excretion is affected by various hormones which produce a remarkable elevation of cyclic adenosine 3'5' monophosphate in the liver of rats.
Materials and Methods

Animals
Male Wistar rats, weighing approximately 100-130g, were used in this experiment.
They were obtained commercially (Nippon Bin. Supp. Center, Tokyo, Japan). The animals were fed on commercial lab. chow containing 57.4% carbohydrate, 1.1% Ca and 1.1% P (Oriental Test Diets, Tokyo, Japan) and tap water freely.
Hormones
Calcium chloride was dissolved in sterile, demineralized water. Synthetic eel calcitonin was supplied through the courtesy of Toyo Jozo Research Laboratories (4000 MRC U/mg, Shizuoka, Japan). Porcine, and salmon calcitonin were purchased from Armour Pharmaceutical Company (68MRC U/mg, and200MRC U/mg, respectively, Kankakee, Ill., U.S.A. Analytical methods The bile was collected for90min after hormone administration.
The bile volume was measured by means of pipet graduated in0.01ml.
The amount of bile calcium was determined by atomic absorption spectrophotometry (Perkin-Elmer, Model303) with a reversed air-acetylene flame after precipitation with 10% trichloroacetic acid (Willis, 1960) . The bile calcium was expressed in two ways: (i) content of bile calcium, defined as the excreted calcium (fig)  per100g body weights of rats; and (ii) concentration of bile calcium, defined as calcium (pg) per milliliter of bile.
Statistical methods The data were subjected to an analysis of variance, and standard error (SE) was calculated from the residual error term.
Statistical significance is expressed as P values from Student's t-test.
Results
The effects of various calcitonins on the bile calcium excretion after the administration of calcium are shown in Table1. The administration of calcium to thyroparathyroidectomized rats did not significantly alter both bile volume and bile calcium in comparison with that of no calcium administered rats.
However, the administration of porcine CT, salmon CT, and synthetic eel CT (80 MRC mU/100g BW, respectively) to calcium-administered rats markedly (P<0.01) increased bile calcium when compared to that of calciumadministered rats, while bile volume did not change significantly.
Also, the effects of other hormones on the bile calcium excretion after the administration of calcium were investigated, and the results are shown in Table2.
The administration of tetragastrin (7.5ug/100g BW) or insulin (50mU/100g BW) did not show a significant alteration of bile volume and bile calcium, although tetragastrin increased gastric acid secretion and Table3. The two hormones were administered simultaneously after the injection of calcium to thyroparathyroidectomized rats. The administration of epinephrine alone (10or100ug/100g BW) significantly increased bile calcium (ug/ 100g BW and ttglml) when compared with that of the control. The administration of epinephrine (10or 100ug/100g BW) to rats treated with porcine CT (80 MRC mUl 100g BW) significantly prevented the increase in bile calcium produced by the treatment of porcine CT. However, the bile calcium concentration (ug/ml) aftr the administration of both CT and epinephrine significantly increased in comparison with that of the control. Endocrinol. Japon. February1979
Discussion
In the present studies it was recognized that porcine CT, salmon CT, and synthetic eel CT, which have a hypocalcemic effect, increased the bile calcium excretion in thyroparathyroidectomized rats. More recently it has been shown that the liver calcium content .after CT administration is markedly elevated by the ligation of bile duct in comparison with that of shamoperated rats (Yamaguchi, 1979) . Accordingly it is possible that the increase in bile calcium excretion caused by CT administration is not related to the inhibition of calcium reabsorption by the biliary ducts. CT increases the accumulation of calcium in the liver cells by inhibiting the efflux of intracellular calcium from the liver cells in vitro (Yamaguchi and Yamamoto, 1976) . Presumably the stimulatory effects of CT on the bile calcium excretion may be based on the increase of calcium in the liver cells by inhibiting the efflux of intracellular calcium into the blood from the liver cells. Mean while it is assumed that the action of CT on bile calcium excretion may not involve adenyl cyclase systems, since CT does not increase adenyl cyclase activity in the liver cells of rats (Canterbury et al., 1974) .
The administration of epinephrine, glucagon, and parathyroid hormone caused a significant increase of the bile calcium excretion after the administration of calcium to thyroparathyroidectomized rats. These hormones markedly elevated cyclic AMP in the liver cells (Canterbury et al., 1974) . However, the bile calcium excretion was not altered significantly by tetragastrin or insulin which did not increase cyclic AMP in the liver cells (Canterbury et al., 1974) . Since the increase of cyclic AMP in cells stimulates the permeability of calcium through the cell membrane and the flux of calcium into cytosol from mitochondria (Rasmussen and Tenenhouse, 1968) , it is assumed that the increase in bile calcium excretion caused by epinephrine, glucagon, and parathyroid hormone may be induced by the alteration of calcium flux related to cyclic AMP in the liver cells.
On the other hand, it is known that epinephrine (Morey and Kenny, 1964) or parathyroid hormone (Talmage and Elliot 1958) induce the increase in serum calcium by the mobilization of calcium from the bone. The augmentation of bile calcium excretion produced by epinephrine or parathyorid hormone may be caused partly by the elevation of serum calcium, because the bile calcium excretion is dependent on the increase in serum calcium (Yamaguchi and Yamamoto, 1978b) .
Presently the stimulatory effect of CT on the bile calcium excretion was significantly prevented by epinephrine. This prevention was observed with the two doses (10and 100ug/100g BW) of epinephrine. This result suggests that the mode of action of CT on bile calcium excretion differs from that of epinephrine. The mechanism by which epinephrine inhibits the effect of CT on bile calcium excretion remains to be elucidated.
In the present work, it has been found that the hormones which cause the elevation of cyclic AMP in the liver cells have increased the excretion of calcium into the bile after the administration of calcium to thyroparathyroidectomized rats.
